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Excessive Daytime Sleepiness (EDS) is the measure of ones propensity to fall asleep 
during normal daily activities. It has been reported in 20%-50% of adults in the United States 
and is the most frequent symptom of patients presenting to sleep clinics. EDS is the result of both 
primary hypersomnias such as narcolepsy and idiopathic hypersomnia and, more commonly, 
secondary hypersomnias such as sleep deprivation, psychiatric conditions, medications, illegal 




The etiology of OSA is multifactorial. Collapsibility of the upper airway is influenced by 
both neuromuscular tone and craniofacial anatomy. Common predisposing factors for small 
airways include obesity, bony anatomical structures that reduce and impede the airway, and in 
children, oversized tonsils and adenoids. Maxillary dimensions have been shown to have a 
relationship with upper airway dimensions. Craniofacial growth and development relies on nasal 
breathing to produce a continuous pressure for the lateral growth of maxilla and for downward 
palatal growth, however, in mouth breathers this stimulus is lost and ultimately results in altered 
craniofacial growth that is observed extra-orally as long lower facial height (adenoid face), lip 
incompetence, and constricted alar base. Intraorally, the findings typically include a narrow 
maxillary arch associated with a deep palatal vault. Some studies have shown that patients 
presenting with a narrow maxilla also exhibit constricted nasopharyngeal dimensions and altered 
respiratory function and other studies showed that there is a strong relationship between airway 
obstruction and a high palatal vault. 
Reducing the high number of undiagnosed patients with OSA ultimately relies on health 
care providers taking a multidisciplinary approach to screen for patients who exhibit the signs 
and symptoms of OSA and refer these patients for proper diagnosis and treatment. Orthodontists 
are trained to treat dental and facial skeletal discrepancies and, therefore, play a large role in 
identifying patients who have or may develop breathing problems. In 2019, the American 
Academy of Orthodontists released a White Paper regarding the role of orthodontists in the 
management of OSA and strongly suggested that orthodontists screen for OSA during an initial 
exam by assessing various risk factors such as body mass index, nasal obstruction, excessive 
daytime sleepiness and refer at-risk patients for diagnostic evaluation.  
 
 v 
This study aimed at gaining a deeper understanding of some of the common risk factors 
for obstructive sleep apnea in order to help health care providers more accurately detect 
breathing disorders during a routine exam. Level of daytime sleepiness, palatal dimensions, 
airway dimensions, gender, age, ethnicity and body mass index from 253 patients were compared 
to corroborate and expand on the findings in the current literature. The data from this study 
showed significant differences between sleepiness and palatal width, sleepiness and ethnicity, 
age and airway dimensions, gender and palatal width and airway dimensions, ethnicity and 
palatal dimensions, body mass index and airway volume, and significant correlations between 
palatal depth and airway minimum cross-sectional area, palatal depth and airway volume, airway 
volume and airway minimum cross-sectional area. These findings showed both similarities and 
differences with the current literature. Future studies are needed to expand on these relationships 
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Chapter 1: Introduction 
Background and Significance 
Excessive Daytime Sleepiness (EDS) has been reported in 20% of adults in the United 
States and is the most frequent symptom of patients presenting to sleep clinics (Johnson, 2000). 
EDS has grave consequences, contributing to over 100,000 car incidents that result in 1,500 
deaths per year (National Sleep Foundation, 2007). It has also been linked to poor academic 
performance (Pagel, 2007), poor health (Sforza, 2002), and reduced cognitive function (Chen, 
2008). EDS is the result of both primary hypersomnias such as narcolepsy and idiopathic 
hypersomnia and, more commonly, secondary hypersomnias such as sleep deprivation, 
psychiatric conditions, medications, illegal substances, and obstructive sleep apnea (OSA) 
(American Academy of Sleep Medicine [AASM], 2005). EDS is the most common symptom of 
OSA and is seen in roughly 23% of women and 16% of men with OSA (Young, 1997). OSA is a 
described as repeated episodes of partial and complete closure of the upper airway associated 
with daytime sleepiness, reduced quality of life, stroke, and cardiovascular mortality and 
morbidity (Padma 2007) (Young 2002). The etiology of OSA is multifactorial and collapsibility 
of the upper airway is influenced by both neuromuscular tone and craniofacial anatomy. 
Common predisposing factors for small airways include obesity, bony anatomical structures that 
reduce and impede the airway, and in children, oversized tonsils and adenoids. OSA is 
commonly seen in overweight patients with increased levels of peripharyngeal fat (Horner, 1989) 
and/or increased size of the soft palate and tongue (Lowe, 1996). Diminished neuromuscular 
tone combined with the pull of gravity in the supine position further reduces airway size, thereby 
obstructing airflow. A retrognathic or receding mandible reduces room for the tongue and 
decreases the cross-sectional area of the upper airway (Lyle, 1999). Maxillary dimensions have 
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also been shown to have a relationship with upper airway dimensions. The relationship between 
naso-respiration and craniofacial growth is a classic example of form and function (McNamara, 
1981). The growth and development of the craniofacial complex is, to a certain extent, directed 
by nasal breathing (Moss, 1997). Nasal breathing produces a continuous pressure for the lateral 
growth of maxilla and for lowering of the palatal vault (Kilic, 2008). During respiration, the 
shape and diameter of the nasal passage and nasopharynx ultimately determines the volume of 
air inspired (Wong, 2005). Mouth breathing creates an uneven distribution of forces between the 
cheeks, lips and tongue which can alter the growth of the craniofacial complex (Pereira, 2007) 
and cause muscular and postural alterations which lead to dentoskeletal changes (Valera, 2003). 
Oral respiration causes a lower tongue posture, therefore impeding the transverse and anterior 
growth of the maxilla (Principato, 1991). These changes manifest clinically and are termed long 
face syndrome, or “adenoid facies”. Extraoral findings include a long lower facial height, lip 
incompetence, constricted alar base. Intraorally, the findings typically include a tapered 
maxillary arch, high palatal vault, posterior crossbite, proclined upper incisors and a Class II 
malocclusion (McNamara, 1981). Some studies have shown that patients presenting with a 
narrow maxilla also exhibited constricted nasopharyngeal dimensions and altered respiratory 
function (Seto, 2001; Kellum 1993; Gross 1994) and others showed that there is a strong 
relationship between airway obstruction and a high palatal vault (Johal, 2004; Guilleminault, 
1995). In 2004, Johal and Conaghan conducted research on OSA patients using cephalometric 
radiographs and dental study models. When comparing OSA subjects to control subjects, they 
found significant differences between both maxillary morphology and oropharyngeal 
dimensions. They also found that subjects with OSA had significantly higher palatal vaults at the 
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level of the 1st premolars, 2nd premolars, and molars. However, these findings were not 
congruent with earlier studies from Cistulli (1996) and Seto (2001). 
Reducing the high number of undiagnosed patients with OSA ultimately relies on health 
care providers taking a multidisciplinary approach to screen for patients who exhibit the signs 
and symptoms of OSA and refer these patients for proper diagnosis and treatment. Orthodontists 
are trained to treat dental and facial skeletal discrepancies and, therefore, play a large role in 
identifying patients who have or may develop breathing problems. In 2019, the American 
Academy of Orthodontists released a White Paper regarding the role of orthodontists in the 
management of OSA and strongly suggested that orthodontists screen for OSA during an initial 
exam by assessing various risk factors such as body mass index, nasal obstruction, excessive 
daytime sleepiness and refer at-risk patients for diagnostic evaluation.  
This study is aimed at gaining a deeper understanding of some of the common subjective 
and objective risk factors for obstructive sleep apnea in order to help health care providers more 













Daytime Sleepiness vs Palatal and Airway Dimensions 
1. Does maxillary width have a correlation with daytime sleepiness? 
H0: Maxillary width does not have a correlation with daytime sleepiness 
HA: Maxillary width has a correlation with daytime sleepiness 
2. Does palatal depth have a correlation with daytime sleepiness? 
 H0: Palatal depth does not have a correlation with daytime sleepiness 
HA: Palatal depth has a correlation with daytime sleepiness 
3. Does airway volume have a correlation with daytime sleepiness? 
H0: Airway volume does not have a correlation with daytime sleepiness 
HA: Airway volume has a correlation with daytime sleepiness 
4. Does minimum cross-sectional area have a correlation with daytime sleepiness? 
H0: Minimum cross-sectional area does not have a correlation with daytime sleepiness 
HA: Minimum cross-sectional area has a correlation with daytime sleepiness 
Daytime Sleepiness vs Age, Ethnicity, BMI, Gender 
5. Does age have a correlation with daytime sleepiness? 
H0: Age does not have a correlation with daytime sleepiness 
HA: Age has a correlation with daytime sleepiness 
6. Does ethnicity have a correlation with daytime sleepiness? 
H0: Ethnicity does not have a correlation with daytime sleepiness 
HA: Ethnicity has a correlation with daytime sleepiness 
7. Does BMI have a correlation with daytime sleepiness? 
H0: BMI does not have a correlation with daytime sleepiness 
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HA: BMI has a correlation with daytime sleepiness 
8. Does Gender have a correlation with daytime sleepiness? 
H0: Gender does not have a correlation with daytime sleepiness 
HA: Gender has a correlation with daytime sleepiness 
Gender vs Palatal and Airway Dimensions 
9. Does gender have a correlation with maxillary width? 
H0: Gender does not have a correlation with maxillary width 
HA: Gender has a correlation with maxillary width 
10. Does gender have a correlation with palatal depth? 
H0: Gender does not have a correlation with palatal depth 
HA: Gender has a correlation with palatal depth 
11. Does gender have a correlation with airway volume? 
H0: Gender does not have a correlation with airway volume 
HA: Gender has a correlation with airway volume 
12. Does gender have a correlation with airway minimum cross-sectional area? 
H0: Gender does not have a correlation with airway minimum cross-sectional area 
HA: Gender has a correlation with airway minimum cross-sectional area 
Age vs Palatal and Airway Dimensions 
13. Does age have a correlation with maxillary width? 
H0: Age does not have a correlation with maxillary width 
HA: Age has a correlation with maxillary width 
14. Does age have a correlation with palatal depth? 
H0: Age does not have a correlation with palatal depth 
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HA: Age has a correlation with palatal depth 
15. Does age have a correlation with airway volume? 
H0: Age does not have a correlation with airway volume 
HA: Age has a correlation with airway volume 
16. Does age have a correlation with airway minimum cross-sectional area? 
H0: Age does not have a correlation with airway minimum cross-sectional area 
HA: Age has a correlation with airway minimum cross-sectional area 
Ethnicity vs Palatal and Airway Dimensions 
17. Does ethnicity have a correlation with maxillary width? 
H0: Ethnicity does not have a correlation with maxillary width 
HA: Ethnicity has a correlation with maxillary width 
18. Does ethnicity have a correlation with palatal depth? 
H0: Ethnicity does not have a correlation with palatal depth 
HA: Ethnicity has a correlation with palatal depth 
19. Does ethnicity have a correlation with airway volume? 
H0: Ethnicity does not have a correlation with airway volume 
HA: Ethnicity has a correlation with airway volume 
20. Does ethnicity have a correlation with airway minimum cross-sectional area? 
H0: Ethnicity does not have a correlation with airway minimum cross-sectional area 
HA: Ethnicity has a correlation with airway minimum cross-sectional area 
Body Mass Index vs Palatal and Airway Dimensions 
21. Does body mass index have a correlation with maxillary width? 
H0: Body mass index does not have a correlation with maxillary width 
 
 7 
HA: Body mass index has a correlation with maxillary width 
22. Does body mass index have a correlation with palatal depth? 
H0: Body mass index does not have a correlation with palatal depth 
HA: Body mass index has a correlation with palatal depth 
23. Does body mass index have a correlation with airway volume? 
H0: Body mass index does not have a correlation with airway volume 
HA: Body mass index has a correlation with airway volume 
24. Does body mass index have a correlation with airway minimum cross-sectional      area? 
H0: Body mass index does not have a correlation with airway minimum cross-sectional 
area 
HA: Body mass index has a correlation with airway minimum cross-sectional area 
Palatal Dimensions vs Airway Dimensions 
25. Does palatal width have a correlation with palatal depth? 
H0: Palatal width does not have a correlation with palatal depth 
HA: Palatal width has a correlation with palatal depth 
26. Does palatal width have a correlation with airway volume? 
H0: Palatal width does not have a correlation with airway volume 
HA: Palatal width has a correlation with airway volume 
27. Does palatal width have a correlation with airway minimum cross-sectional area? 
H0: Palatal width does not have a correlation with airway minimum cross-sectional area 
HA: Palatal width has a correlation with airway minimum cross-sectional area 
28. Does palatal depth have a correlation with airway volume? 
H0: Palatal depth does not have a correlation with airway volume 
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HA: Palatal depth has a correlation with airway volume 
29. Does palatal depth have a correlation with airway minimum cross-sectional area? 
H0: Palatal depth does not have a correlation with airway minimum cross-sectional area 
HA: Palatal depth has a correlation with airway minimum cross-sectional area 
30. Does airway volume have a correlation with airway minimum cross-sectional area? 
H0: Airway volume does not have a correlation with airway minimum cross-sectional 
area 




















Chapter 2: Literature Review 
 
Obstructive Sleep Apnea 
Obstructive sleep apnea (OSA), the most common sleep-related breathing disorder 
(SRBD) (Sateia, 2014), is defined as repeated episodes of partial or complete closure of the 
upper pharyngeal airway resulting in disrupted breathing during sleep (Burman, 2017). Data 
extracted from several epidemiological studies published between 1993 and 2013 indicates that 
the prevalence of OSA is 22% (range, 9-37%) in men and 17% (range: 4-50%) in women. 
Obstructive sleep apnea with associated daytime sleepiness is termed obstructive sleep apnea 
syndrome (OSAS) and occurs in 6% (range, 3-18%) of men and in 4% (range, 1-17%) of 
women. The human pharyngeal airway is a complicated framework containing many individual 
muscles working as a group and is crucial for complex tasks such as speaking, swallowing, and 
breathing. The primary goal of the pharyngeal muscles during respiration is to maintain airway 
patency, allowing for inspiration and expiration with minimal exertion by the respiratory 
muscles. Pharyngeal muscles carry out this function effortlessly during wakefulness, however, 
their activity is often reduced at the onset of sleep (Worsnop, 1985) causing the airway to narrow 
and increase the susceptibility of collapse (Fogel, 2005). In healthy persons, the pharyngeal 
muscles are able to counterbalance the increase in airway resistance to maintain airway patency; 
however, individuals that have certain predispositions such as obesity or anatomic crowding of 
the airway are at an increased risk of pharyngeal collapse during sleep (White, 2005). Airway 
closure leads to respiratory related arousals from sleep in order to reinitiate breathing. These 
intermittent breathing cessations are often associated with decreased partial pressure of oxygen 
(hypoxia) and increased partial pressure of carbon dioxide (hypercapnia) levels, large swings in 
intrathoracic pressure and sympathetic activation, typically manifesting as a broad range of 
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comorbidities related to hypersomnolence and may increase the risk of adverse cardiovascular 
events including stroke, heart attack, heart failure, and even death (Edwards, 2011).  
OSA is prevalent worldwide and is considered a global health concern. Many countries 
have the same, if not higher, prevalence of OSA than in the USA (Sharma, 2010). OSA 
prevalence is 24% in males and 9% in females within the age range of 30-60 years (Young, 
1993). Prevalence increases with increasing age and is estimated to be around 28%–67% for 
senior men and 20%–54% for senior women (Goodday, 1997). Because of the wide range and 
subjectivity of the symptoms, OSA is estimated to be both under-detected and underdiagnosed. 
One study estimated that 93% of women and 82% of men with moderate to severe OSA are 
undiagnosed (Young, 2002). Age, obesity, neck circumference, anatomical obstructions such as 
large tonsils, or anatomical abnormalities have all been shown to be risk factors for OSA. 
Because increasing age and obesity are significant risk factors for OSA, the prevalence of OSA 
is on the rise (World Health Organization 2006). 
 The apnea-hypopnea index (AHI) is used to measure the severity of OSA and is the sum 
of apneic and/or hypopneic events per hour of sleep. OSA is defined when the AHI is ≥5 and 
OSA syndrome (OSAS) when AHI ≥5 is associated with daytime sleepiness (AASM, 1999). The 
Epworth Sleepiness Scale (ESS), calculated by scoring the propensity of an individual to fall 
asleep during normal daily activities, is the most frequently used method to define daytime 
sleepiness (Johns, 1991). Data extracted from several epidemiological studies published between 
1993 and 2013 indicates that the prevalence of OSA is 22% (range, 9-37%) in men and 17% 
(range, 4-50%) in women. OSAS occurred in 6% (range, 3-18%) of men and in 4% (range, 1-
17%) of women. More recent data on OSA prevalence shows that incidence is on the rise, 
affecting 37% of men and in 50% of women (Franklin, 2015). Due to increasing rates of obesity, 
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a significant risk factor for OSA, 32% of U.S. adults are at risk of developing OSA and the 
prevalence is predicted to increase steadily (World Health Organization, 2006). One study 
suggests that moderate to severe OSA goes undiagnosed in 93% of women and 82% of men 
(Young, 2002), highlighting the need for improvements in detection and diagnosis.  
Pathophysiology of Obstructive Sleep Apnea 
The exact cause of OSA is not completely understood, however an anatomically small 
upper airway is a hallmark characteristic of those affected by OSA (Schwab, 2003). Common 
predisposing factors for small airways include obesity, bony structures that reduce and impede 
the airway, and in children, oversized tonsils and adenoids (White, 2005). Throughout the time 
of wakefulness most individuals with OSA have normal respiration and almost always maintain 
proper respiratory rates, volumes, and blood gas tensions, suggesting that there are compensatory 
mechanisms in place. In individuals with narrow airways causing insufficient respiration, reflex 
activation of negative pressure mechanoreceptors activate upper airway muscles such as the 
tensor palatini and genioglossus (Mezzanotte, 1992; Wheatley, 1993). Unfortunately the basic 
neuromuscular mechanisms driving this compensation have not been elucidated. 
At sleep onset, OSA patients show decreased activity of the pharyngeal dilator muscles 
(Fogel, 2005). Patients who sleep in the supine position are at greater risk for posterior 
positioning of the tongue due to gravity (McCrillis, Haskell, Brammer, & Chenin, 2009). This 
coincides with airway resistance and produces hypopnea or apnea which in turn lowers PO2 and 
raises PCO2, activating respiratory efforts. The neuromuscular compensatory actions, however, 
are often not enough to reopen the airway (Jordan, 2007) and an arousal from sleep is required to 
restore breathing (Gleeson, 1990). Although the severity of these episodes varies, large 
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intrathoracic pressure swings (to -120 mm Hg) and surges of systemic blood pressure of up to 
250/150 mm Hg are associated with arousals and sleep fragmentation up to 100 times per hour 
(Crummy, Piper, Naughton, 2008). Once proper ventilation resumes and partial pressures of 
oxygen and carbon dioxide are re-established, the individual falls back asleep. 
Anatomical differences in the upper airway can be measured using the passive critical 
pharyngeal closing pressure (pCrit). pCrit values at or above 0 cm H2O coincide with airway 
collapse above atmospheric pressure and pCrit values between -4 and -5 cm H2O coincide with 
normal airway anatomy, however, individuals within the range of 0 to 5 cm H2O do not show 
significant differences in airway obstruction. Anatomic abnormality of the upper airway, 
therefore, cannot be the sole variable accounting for apnea severity (Sforza, 1999). Many 
variables have been recognized as predisposing factors of OSA. For example, some individuals 
can compensate for their deficient anatomy during sleep due to more pronounced neuromuscular 
reflex activity (Jordan, 2007) and the ability to adequately compensate for increased mechanical 
loads is diminished in OSA patients compared to healthy controls (Patil, 2007). Some individuals 
have high respiratory arousal threshold, allowing ample time for the pharyngeal muscles to 
become activated and restore airway patency. Total lung volume may also play a role in OSA 
(Stadler, 2010). 
Epidemiology and Risk Factors of Obstructive Sleep Apnea 
Estimates of the prevalence of obstructive sleep apnea in adults vary in the literature. The 
Apnea Hypopnea Index (AHI) is defined as the number of complete (Apnea) or incomplete 
(Hypopnea) obstructive events per hour of sleep. Defining OSA as an Apnea Hypopnea Index 
≥5, the prevalence of OSA was 24% in men and 9% in women aged 30-60 years of age (Young, 
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2012). Current studies have shown higher estimates ranging from 15-30% in men and 5-15% in 
women (Peppard, 2013) likely due to increased awareness and advanced technology. Obstructive 
sleep apnea with associated daytime sleepiness is termed obstructive sleep apnea syndrome 
(OSAS) and occurs in 6% (range, 3-18%) of men and in 4% (range, 1-17%) of women. 
Additionally, 26 to 32 % of U.S. adults are at risk of developing or currently have OSA 
according to the World Health Organization fact sheet (2006). Worldwide estimates of OSA are 
relatively uniform, suggesting that OSA is widespread (Kapur, 2010).  
Predisposition to OSA includes any factors which cause pharyngeal constriction such as 
obesity, a major risk factor. Adenoid and tonsil enlargement are risk factors typically seen in 
adolescent populations and are associated with pharyngeal constriction (Morgenthaler, 2005). 
Ethnic and racial differences in OSA prevalence have been shown (Buxbaum, 2002). African 
Americans  show higher rates of OSA prevalence when compared to young Caucasians, 
independent of body weight (Redline, 1997). In adults, OSA has been primarily associated with 
obesity. Narrowed airway, hypertension, nasal congestion, smoking, diabetes, asthma, family 
history, and male gender are also known risk factors. In addition, neck circumference (Young, 
2002) and mandibular retrognathism (Arens, 2004; Dempsey, 2010) are also considered major 
risk factors. 
Diagnosis of Obstructive Sleep Apnea 
  Identifying OSA often begins with the patient, or the patient's sleeping partner, reporting 
sleep disturbances such as snoring, abrupt awakening accompanied by gasping or choking during 
sleep. Associated daytime symptoms include excessive daytime sleepiness, cognitive 
dysfunction, difficulty with memory and concentration, mood changes, fatigue, morning 
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headaches, and sexual dysfunction (Mbata, 2012). These signs and symptoms can go unnoticed 
by subjects and it is therefore important for health care providers to screen for the condition by 
evaluating patients for certain risk factors.  
The diagnostic criterion for obstructive sleep apnea is an AHI score above 5. The 
diagnosis of OSA is based on the findings of a sleep evaluation, including a physical exam and 
sleep history, and findings confirmed by polysomnography (Kushida, 2006). An individual's 
sleep history is obtained several ways; 1) at routine health maintenance evaluation, 2) evaluating 
the symptoms of obstructive sleep apnea or 3) as part of a comprehensive evaluation of patients 
at high risk for OSA by identifying any signs or symptoms including daytime sleepiness, fatigue, 
insomnia, snoring, or awakenings due to gasping or choking that may be sleep related (Epstein, 
LJ, 2019). Alternatively, a frequency of 15 obstructive respiratory events per hour satisfies the 
criteria, even in the absence of associated symptoms or disorders (Sateia, 2014).  
Polysomnography is the gold standard for the diagnosing OSA (Ferber, 1994). 
Polysomnography is a sleep exam that evaluates biophysiologic measurements during  sleep 
including airflow, pulse oximetry, respiration, and heart rate (Iber, 2007) and necessitates the 
continual presence of a sleep examiner (Kushida, 2006). The apnea hypopnea index (AHI) is 
then calculated and an AHI above 5 is diagnosed as sleep apnea.  
Treatment of Obstructive Sleep Apnea 
 The treatment of OSA is multifarious and includes a variety of medical, 
behavioral, and surgical modalities. Initial treatment for OSA is CPAP therapy 
(Continuous positive airway pressure). CPAP provides pneumatic splinting of the upper 
airway, typically through an oro-nasal mask interface, and is efficacious in reducing the 
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AHI (Sullivan, 1981; Gay, 2006). Overnight Polysomnography testing is the standard 
testing to determine the optimal PAP level (Kushida, 2006). Yearly follow ups with 
trained professionals are needed to troubleshoot CPAP mask, machine, or usage problems 
(Kushida, 2006). Treatment using CPAP is best approached with a multidisciplinary care 
team including a sleep specialist, the referring physician, nursing personnel, respiratory 
therapist, and sleep technologist (Epstein, 2009). Although CPAP has been well 
documented as a safe and effective treatment, the compliance among OSA subjects is 
only 50% in certain populations (Weaver, 2008). If CPAP use is insufficient, alternative 
therapies can be implemented.  
 Behavior therapy includes exercise, weight loss, positional therapy, and the avoidance of 
alcohol and sedatives before bedtime. Weight loss and dietary changes should be proposed for all 
overweight OSA patients, and obese patients with OSA may show improved AHI after weight 
loss (Morgenthaler, 2006). After weight loss of at least 10% of total body weight, a follow-up 
polysomnography is recommended to recalibrate for CPAP therapy (Kushida, 2005). Sleeping in 
the supine position can decrease airway size and patency (Pevergagie, 1995). Positional therapy 
aims to help achieve a non-supine sleeping position by using a positioning device such as a 
pillow or backpack (Morgenthaler, 2006). 
 Oral appliances may be implemented to open the airway or reduce upper airway 
collapsibility (Ferguson, 2006). Mandibular repositioning appliances, supported on the upper and 
lower teeth, are used to hold the lower jaw forward or the tongue retaining devices that is used to 
hold the tongue alone forward without altering jaw position. Oral appliance therapy, although not 
as efficacious as CPAP therapy, is indicated in situations where subjects do not respond to CPAP 
therapy or prefer oral appliances (Kushida, 2005). Prior to initiating oral appliance therapy, 
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patients must be evaluated comprehensively by dentist for periodontal status, temporomandibular 
joint function, occlusion, and possible pathology (Ferguson, 2006). Fabrication and management 
of patients with oral appliances should be supervised by providers with a background in sleep 
medicine and/or sleep related breathing disorders (Kushida, 2006). Rapid maxillary expansion, 
or widening of the palate via expanding the mid palatal suture, has been shown to decrease AHI 
by improving nasal airflow, tongue posture, and soft palate function (Cistulli, 1998). More 
recently, non-surgical approaches such as distraction osteogenesis maxillary expansion (DOME) 
procedures have confirmed the positive effect of palatal expansion on nasal airway resistance 
(Liu, 2017). Tongue retainers, an oral appliance that repositions the tongue forwards via suction, 
has shown promising results despite a lack adequate evidence for use in a clinical setting 
(Randerath, 2011). 
 Initially, surgical intervention was the primary technique for treating OSA, however, its 
role remains very contentious. Surgery aims to remove any obstructions within the airway and/or 
to increase the size of the airway. The oropharyngeal tract and the nose are the two most 
common surgical sites (Dempsey, 2010), but surgery can be performed on many other soft and 
hard tissues of the head and neck to create a larger airway. Although nasal obstruction has not 
been shown to significantly contribute to OSA, nasal surgery can improve nasal breathing and 
improve CPAP use (Michels, 2014). Uvulopalatopharyngoplasty (UPPP) was a routinely used 
surgery for the treatment of OSA in patients with excess tissue in the soft palate, uvula, and 
oropharynx (Aurora, 2010; Holty, 2010) and has been proven to reduce snoring and improve 
AHI (Lojander, 1996; Verse, 2011), however long term complications have been shown 
including velopharyngeal insufficiency, difficulty swallowing, and dry throat (Verse, 2011). 
Partial re-sectioning of the tongue has shown to improve AHI, however the success rate of the 
 
 17 
surgery on its own is low and therefore it should be included as part of a comprehensive surgical 
approach (Handler, 2014). Surgery to advance the maxilla and mandible, termed 
maxillomandibular advancement (MMA), has been shown to be a highly effective procedure for 
reducing the AHI (87%) in OSA patients (Prinsell, 2002), however, it should be noted that MMS 
is an invasive procedure often associated with post treatment complications and therefore should 
only be considered when all other surgical options have been exhausted (Epstein , 2009). The 
only surgical procedure more effective than MMA is tracheotomy. This procedure is an option 
for patients with severe OSA that is life threatening (Epstein, 2009).  
 Other recent novel approaches to treating OSA have shown promising results. Electrical 
stimulation of the hypoglossal nerve, which in turn activates the genioglossus muscle to maintain 
proper tongue posture and increase airway patency, is another viable option for patients who 
cannot tolerate CPAP (Kezirian, 2010).  
OSA has a complex, multifactorial etiology involving both anatomic and neuromuscular 
factors. Therefore, a multidisciplinary approach that encompasses accurate diagnosis by a team 
of well-trained sleep specialists is required to select the proper treatment protocol.  
Excessive Daytime Sleepiness  
Excessive daytime sleepiness is described as continual sleepiness and low energy the day 
after an adequate night of sleep and is the most common symptom of OSA. Approximately 23% 
of women and 16% of men with OSA experience excessive daytime sleepiness (Young, 1997). It 
is associated with a broad range of subjective symptoms including drowsiness, fatigue, and 
sluggishness (Buysse, 1991). The literature varies, but excessive sleepiness has been shown to 
affect over 20% of the population (Johnson, 2000). Adolescent and young adult male drivers 
contribute to the highest number of sleep related incidences (Masa, 2000). Excessive daytime 
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sleepiness also impacts the professional workplace, including judges and attending physicians 
(Grunstein, 2007) (Chen, 2008). Obstructive sleep apnea, sleep deprivation, and sedating 
medications are the most common causes of excessive daytime sleepiness per the American 
Academy of Sleep Medicine. Other causes include narcolepsy and other medical and psychiatric 
conditions. The evaluation and management of excessive daytime sleepiness is based on the 
identification and treatment of underlying conditions (particularly obstructive sleep apnea), and 
the appropriate use of activating medications.  
Daytime Sleepiness vs Gender/Sex 
Studies relating to gender based differences in EDS have revealed that women, in 
general, have higher rates of EDS than men.  One study evaluating sleepiness in the workplace 
found prevalence rates of EDS were 13.3% for women and 7.2% for men (Doi, 2003). Another 
study also found EDS to be higher in females (25.3%) than  males (19.0%) (Fatani, 2015). In a 
review of 103,948 cases from 2004-2009 it was reported that women tend to be sleepier than 
men in younger age groups (18-45) (Bogan, 2012).  
Daytime Sleepiness vs Age 
The association between EDS and aging has been shown to decrease with increasing age. 
Higher rates of EDS seen in adolescents (10-15%), decreasing to 6% in the middle ages, and then 
increases in the elderly to around 16% (Calhoun, 2015) likely due to an overall increase in 





Daytime Sleepiness vs Ethnicity 
Studies relating to ethnicity based differences in EDS have shown higher levels of 
sleepiness in African Americans than Caucasians (Hayes, 2009), with African Americans more 
likely to score above 12 on the ESS scale. African American and Hispanic populations were less 
likely to report EDS ≤ 5 days per month, while Caucasians were more likely to report EDS ≤ 5 
days per month (Baron, 2010).  
Daytime Sleepiness vs Body Mass Index 
Many studies have shown that obesity is strongly correlated with EDS (Calhoun, 2011). 
Prevalence of OSA in the obese is 30% (Kyzer, 1998). In severely obese individuals, defined by 
a body mass index > 35, the prevalence of excessive daytime sleepiness approximates 30% 
(Dixon, 2007). Weight loss is associated with a decrease in EDS (Calhoun, 2015). 
Daytime Sleepiness vs Airway Dimensions 
Reports in the literature suggest a strong correlation between improvements in daytime 
sleepiness with increased airway dimensions. Surgical interventions for OSA to increase airway 
volume via maxillomandibular advancement procedures have been shown to decrease total 
Apnea-Hypopnea index scores and are associated with decreased levels of daytime sleepiness 
(Zahgi, 2016). Three dimensional volumetric changes after maxillomandibular surgical 
advancement procedures have shown increases in total airway volume and an overall decrease in 





Daytime Sleepiness vs Palatal Dimensions 
It is well documented that narrow palatal dimensions are associated with increased nasal 
resistance and concomitant mouth-breathing in OSA patients. This causes alterations in tongue 
posture and decreases airway volume, making subjects more susceptible to obstructive airway 
events during sleep (Liu, 2017). Rapid maxillary expansion increases palatal width and decreases 
nasal airway resistance (Cistulli, 1998) and has been shown to decrease sleep disordered 
breathing. Differences in palatal dimensions have shown a correlation with daytime sleepiness. 
In a recent study on children with ADHD vs controls, the children with ADHD had narrower 
palatal widths and higher levels of snoring and daytime sleepiness (Andersson, 2018). In a 
systematic review, maxillary expansion in adults demonstrated decreases in the number of apneic 
and/or hypopneic events during sleep with associated reductions in daytime sleepiness 
(Abdullatif,  2016). 
Epworth Sleepiness Scale 
 The Epworth Sleepiness Scale (ESS) was first developed in 1990 by Dr. Murray 
Johns to assess the daytime sleepiness of his patients and includes a series of 8 questions 
relating to normal daily activities. Patients are asked to rate, on a scale from 0-3 their 
likelihood of falling asleep during 8 various daily activities. The individual scores are 
totaled to generate the respondents overall ‘daytime sleepiness’ score ranging from 0-24. 
The standard range of ESS scores was initially 2 to 10 (Johns, 1991), however mean ESS 
scores for adults who have no indication of a sleep disorder (including snoring) were 4.6 
(Johns and Hocking, 1997). Therefore, the normal range of ESS scores is from 0-10. ESS 
scores above 11 represent higher levels of sleepiness considered ‘excessive daytime 
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sleepiness’ (EDS). EDS differs widely between groups, from about 10 to 40% or more 
(Sanford et al, 2006). A high number of patients with narcolepsy have severe or moderate 
EDS (Parkes et al, 1998; van der Heide et al, 2015). African-Americans have markedly 
higher scores than Caucasians (Mihăicută et al, 2013; Sanford et al, 2006). The 
consistency of the ESS has been assessed by Cronbach’s alpha and has been shown to 
have good to high consistency (eg. Johns,1992; Hagell et al, 2007).  
 The external criterion validity of the ESS has been tested by investigating the relationship 
between ESS scores and the severity of OSA, measured by the apnea-hypopnea index, however 
the results did not show a close relationship between the two (Manni et al 1999; Mihăicută et al, 
2013). The validity of Multiple Sleep Latency Test (MSLT) and severity of OSA was also found 
to be insignificant (Guilleminault et al, 1988). It can therefore be concluded that such 
relationships cannot be relied upon for testing the validity of ESS. Sleepiness scores have shown 
changes in response to treatment of OSA including reduction after nasal continuous positive 
airway pressure treatment (Chen et al, 2002; Hardinge et al, 1995) and narcolepsy treatment 
(Broughton RJ, et al, 1997; van der Heide et al. 2015). Because of the subjective nature of the 
ESS, scores can be affected by bias and inaccuracy. The ESS does not give accurate predictions 
of a person’s level of drowsiness at any particular time, for example, their crash-risk when 
driving a motor vehicle. It does not have diagnostic ability and cannot distinguish which factors 
or conditions have caused any level of drowsiness including aspects of a person’s sleep habits. 
Upper Airway Anatomy 
The upper airway can be subdivided into four distinct regions; the Nasopharynx, 
Velopharynx, Oropharynx and the Hypopharynx. The two main functions of the upper airway 
are the conservation of patency for proper breathing and the closure of the airway for proper 
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deglutition. Over 20 adjacent muscles surrounding the airway work together to constrict and 
dilate the airway lumen (Strohl, 1985). They can be classified into four groups; the soft palate, 
tongue, hyoid and the posterolateral pharyngeal walls. The bony anatomical structures that 
determine the airway size are the maxilla, mandible and the hyoid bone (Rivlin, 1984). The 
average minimum cross-sectional area (MCA) of upper airway has been examined using MRI 
and conventional Cone Beam Computed Tomography (CBCT). Estimates using CBCT volumes 
vary from 138 mm2 (Shephard, 1990) to 188 mm2 (Kuna, 1988). Variation in size is due to 
individual variance and differing measurement boundaries and positioning (sitting vs supine). 
Activated neuromuscular tone is assumed in virtually all measurements taken during 
wakefulness. Throughout wakefulness, the minimum cross-sectional area of the airway is 
typically located in the retropalatal oropharynx (Schwab, 1993) and, therefore, is likely the 
region most susceptible to collapse during sleep. The anterior wall of the oropharynx contains 
the soft palate, tongue and lingual tonsils; and the posterior wall is made up of the constrictor 
muscles that lie in front of the cervical spine. The complex interactions between these soft tissues 
make the oropharynx an exceptionally difficult structure to evaluate. These soft tissues 
ultimately determine the shape and size of the upper airway and patency can also be influenced 
by gravity. The tongue and soft palate move posteriorly in the supine position, reducing the 
oropharyngeal area (Pevernagie, 1995) and increasing collapsibility (Martin, 1997). The clinical 
observation that snoring is most commonly observed in the supine position is evidence of this 
gravitational relationship. Using ultrafast cine CT, Schwab et al., 1993 found that airway size 
stays rather constant during inspiration, reaching a minimum during end expiration. This reveals 





The relationship between naso-respiration and craniofacial growth is a classic example of 
form and function (McNamara, 1981). Craniofacial growth and development is, to a certain 
extent, directed by nasal breathing (Moss, 1997). Nasal breathing produces a continuous pressure 
for the lateral growth of maxilla and for downward growth of the palate (Kilic, 2008). During 
respiration, the shape and diameter of the nasal passage and nasopharynx ultimately determines 
the volume of air inspired (Wong, 2005). Mouth breathing may result from nasal airway 
resistance due to deviated septum or enlarged turbinates (Schlenker, 2000). Enlarged pharyngeal 
tonsils are one of the primary causes of mouth breathing in adolescents (Lopatiene, 2002). Mouth 
breathing creates an uneven distribution of forces between the cheeks, lips and tongue which can 
alter the growth of the craniofacial complex (Pereira, 2007) and cause muscular and postural 
alterations which lead to dentoskeletal changes (Valera, 2003). Oral respiration causes a lower 
tongue posture, therefore impeding the transverse and anterior growth of the maxilla (Principato, 
1991). These changes manifest clinically and are termed long face syndrome, or “adenoid 
facies”. Extraoral findings include a long lower facial height, lip incompetence, constricted alar 
base. Intraorally, the findings typically include a tapered maxillary arch, high palatal vault, 
posterior crossbite, proclined upper incisors and a Class II malocclusion (McNamara, 1981).  
Maxillary transverse deficiency is a common craniofacial skeletal abnormalities 
(McNamara, 2000), however, literature varies on the relationship between maxillary constriction 
and the etiology of breathing problems (Johal, 2004). One study found no relationship between 
maxillary width and airway function (Shanker, 1999) and another concluded that naso-
respiration and successive growth are unpredictable and, therefore, nasal airway resistance may 
not be a primary cause (Neeley, 2007).Some studies showed that patients presenting with a 
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narrow maxilla also exhibited constricted nasopharyngeal dimensions and altered respiratory 
function (Seto, 2001; Kellum 1993; Gross 1994) while other studies revealed a strong 
relationship between airway obstruction and a high palatal vault (Johal, 2004; Guilleminault, 
1995). Nevertheless, these outcomes were not consistent with other studies who found no 
differences in palatal heights between patients with airway problems and control subjects (Seto, 
2001; Cistulli, 1996). The relationship between maxillary constriction and OSA is not well 
understood. In 2004, Johal and Conaghan conducted research on OSA patients using 
cephalometric radiographs and dental study models. When comparing OSA subjects to control 
subjects, they found significant differences between both maxillary morphology and 
oropharyngeal dimensions. They also found that subjects with OSA had significantly higher 
palatal vaults at the level of the 1st premolars, 2nd premolars, and molars. However, these 
findings were not congruent with earlier studies from Cistulli (1996) and Seto (2001). It can be 
concluded that the relationship between maxillary dimensions and OSA is not clear. 
Palatal Dimensions 
 Palatal width and depth have been compared in the literature. Historically, narrow palates 
have been associated with greater palatal depth and wider palates have been associated with 
shallow palatal depth. Ahmed et al. (2009) confirmed the relationship between palatal depth and 
width, finding that palatal width is mainly negatively correlated to palatal depth, specifically at 
the intermolar area.   
 
Palatal and Airway Dimensions 
Correlations between palatal morphology and airway dimensions have been identified in 
the current literature. Palatal area, palatal width, and airway volume in OSA patients measured 
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significantly smaller than non-OSA subjects and a positive correlation between the 
oropharyngeal area and the palatal volume was found in a study by Kecik (2017).  
Palatal Dimensions vs Gender 
Differences in palatal dimensions between genders have been reported in the literature. 
One study using a sample of 30 females and 32 males ages 19-24 (Ahmad, 2009) found 
significant differences in palatal width and depth between the groups. Males had significantly 
larger palatal vaults than females (average intermolar distance was 42.18mm in males and 
40.19mm in females, average palatal depth of21.38mm in males and 18.78mm in females). They 
also found that wider palates are associated with shallower palatal vaults and that narrow palates 
were associated with deeper palatal vaults. These findings were consistent with the literature.  
Palatal Dimensions vs Ethnicity 
Ethnic differences in palatal vault size have been reported in the literature. African 
Americans have larger teeth and therefore larger arches than Caucasians, measuring 10% wider 
and 12% deeper (Burris, 2000). Another study did not show any significant differences in palatal 
dimensions between several ethnicities of northern Chile (Ferrario, 2000). 
Palatal Dimensions vs Age 
A systematic review on the effect of aging on palatal vault dimensions showed a 
progressive increase in palatal vault size from birth to permanent dentition (Berwig, 2018). There 





Palatal Dimensions vs Body Mass Index 
Body mass index has been correlated with craniofacial morphology. Obese adolescents 
have exhibited significantly larger mandibular and maxillary dimensions than controls 
(Sadeghianrizi, 2005). Non-obese patients showed smaller mandibular and maxillary dimensions 
and a more retrognathic mandible (Ferguson, 1995). 
Airway Dimensions vs Gender 
On average, Obstructive Sleep Apnea has been seen more in males than females. Reports 
in the literature vary, but Young et al. (1993) showed that the estimated prevalence of mild OSA 
was 24% in males and only 9% in females. Another report showed male OSA was 2 to 8 times 
more prevalent than female OSA (Redline, 1994). Gender based differences in airway 
dimensions have been well documented in the literature. One study reported that females had 
notably smaller oropharyngeal junction and pharynx than males (Mohsenin, 2001). Other studies 
have shown that pubertal males have larger airways than pubertal females (Chiang, 2012), and 
post pubertal boys also have greater airway length compared with post pubertal girls (Ronen, 
2007). When comparing male and female OSA patients, current literature suggests that although 
females have smaller oropharyngeal dimensions than males, upper airway size in males 
corresponded with the degree of sleep apnea (Mohsenin, 2001). This suggests greater 
compensatory structural and functional airway mechanics in females.  
Airway Dimensions vs Age 
 Studies on airway volume and minimum cross-sectional area throughout adolescent 
growth have shown rapid increases in both length and volume from ages 8-18, although the site 
of minimum cross-sectional area varies (Chiang, 2012). Longitudinal studies on upper airway 
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dimensions have shown a decrease in pharyngeal muscle thickness with a concomitant increase 
in pharyngeal lumen size (Molfenter, 2015). These results are congruent with longitudinal 
studies on the increasing prevalence of OSA with age, reaching a plateau after age 60 (Young, 
2002).  
Airway Dimensions vs Ethnicity 
Current literature shows differences in airway dimensions related to heritability. One 
study, using acoustic pharyngometry to measure minimum cross-sectional area of the pharynx, 
showed that African Americans exhibit narrower minimum cross-sectional dimensions than 
Caucasians (Patel, 2008). Other studies on ethnic differences in OSA are consistent, showing that 
African Americans are at increased risk for OSA (Redline, 1997). Another study using three-
dimensional MRI airway measurements in OSA patients showed that compared to a European 
population, Asian populations had smaller retropalatal airway size than European subjects (Xu, 
2019).  
Airway Dimensions vs Body Mass Index 
Obesity is a major risk factor for OSA and several studies have shown smaller upper 
airways sizes associated with high body mass index (BMI). A CBCT analysis study revealed a 
decreased transverse dimension in high BMI subjects (Mayer, 1996). Another  acoustic 
pharyngometry study, demonstrated an inverse relationship between upper airway size and BMI 
(Busetto, 2009). A Sutherland et al. (2011) study of weight loss in OSA patients revealed that a 




Three Dimensional Airway Imaging 
Examination of airway dimensions provides crucial diagnostic information for patients 
with breathing disorders. Patients with OSA have significant anatomic variations including the 
size and position of the mandible, dimensions of the posterior airway, and soft palate and tongue 
(Ogawa, 2007). Traditional radiographic airway assessment has relied upon two dimensional 
lateral cephalograms (Martin, 2006) that are unable to identify the three dimensional areas and 
volumes within the airway. Recent advances in three dimensional imaging such as cone-beam 
computed tomography (CBCT) allow better visualization and volumization of the airway 
(Aboudara, 2009). Volumetric measurements and cross-sectional areas of the airway in the 
coronal, sagittal, and axial planes are readily visualized (Schwab, 1998). Viewing airway 
dimensions in the axial plane, the most physiologically relevant plane because it is perpendicular 
to the airflow, is not possible on two dimensional imaging (Isono, 1993; Abramson, 2010). 
Accurate and easy evaluation of the airway anatomy has been possible using CBCT, which has 
been specifically developed for the craniofacial region with less radiation exposure than 
conventional CT systems (Mozzo, 1998; Sukovic, 2003; El, 2010). CBCT measurements of the 
airway volume and the most constricted area of the airway are reliable and accurate (Ghoneima, 
2013). Complex craniofacial structures, dentition and airway present a diagnostic challenge with 
respect to radiographic imaging. CBCT is an effective tool to evaluate patients with OSA and 
discern three dimensional differences between experimental and control breathing groups using a 








Chapter 3: Material and Methods 
 
 
A UNLV Institutional Review Board approval for use of existing dental records was 
approved (Protocol # 1237722, Appendix A). The sample consisted of 253 patients from the 
archives of the UNLV School of Dental Medicine Orthodontic Department. Patient information 
including age, gender, ethnicity, and body mass index was obtained from axiUm dental software 
system (HIPAA-compliant, ONC-ATCB certified system, Henry Schein, Melville, NY). CBCT 
radiographs taken with full FOV were retrieved for all subjects, as well as an Epworth Sleepiness 
Scale survey and score. All patient information was de-identified by UNLV personnel. Invivo5 
(Anatomage, San Jose, CA) 3D imaging software was used to measure minimum cross-sectional 
area, volume, and shape of the airway, as well as palatal width and depth dimensions. Subjects’ 
risk for excessive daytime sleepiness, the most common symptom of OSA, was determined using 
the Epworth Sleepiness Scale. Subjects who scored 11 or greater on the Epworth Sleepiness 
Scale were categorized as having a higher risk for daytime sleepiness. Subjects who scored 
below 11 were categorized as having a lower probability of excessive daytime sleepiness.  
Inclusion Criteria: 
1. Patient at UNLV School of Dental Medicine 
2. Above the age of 18 
Exclusion criteria: 
1. Subjects with missing upper 1st permanent molars 
2. Subjects with craniofacial anomalies 




All CBCT radiographs were taken on MercuRay CBCT machine (Hitachi Medical Corp) 
with the following settings: 120 kV, 15 mA with a 10 second exposure using the CBCT machine. 
Patient was seated in an upright position with head positioned with Frankfort Horizontal Plane 
parallel to the floor and biting in centric occlusion. CBCT 3D image was recorded as Digital 
Imaging and Communications in Medicine (DICOM) file. 
 
Palatal Dimension Measurements 
Invivo5 software (Anatomage) was utilized in the frontal plane to measure palatal width 
and depth in mm (Figure 1). Mesiopalatal cusp of permanent upper first molars was located 
within three planes of space (Figure 2). Palatal width was defined as the intermolar width 
measured between the mesiopalatal cusp of the permanent upper first molars. A line was then 
created perpendicular (90 degrees) to the intermolar measurement to the deepest portion of the 
hard palate. All palatal measurements were recorded in millimeters.  
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Figure 1. Palatal Width and Depth Measurements 
 






Invivo5 software (Anatomage) was utilized for airway volume (cc) and airway minimum 
cross-sectional area measurements (mm2). Both measurements were taken with the sagittal plane 
centered on the midpalatal suture. Once centered on the midpalatal suture in the sagittal view, the 
region of interest was defined. Region of interest was created with the upper border in line with 
the superior border of the hard palate and the lower border tangent to the inferior border of the 
hyoid bone and parallel to the hard palate. Once the region of interest was identified the airway 
measurement tool was utilized to create airway measurement by clicking along path of the 
airway and then automatically generating a three-dimensional image of the airway volume 
(Figure 3, Figure 4) along with the minimum cross sectional area in mm2 (Figure 5).  
 
 










Figure 5. Airway Volume and Minimum Cross-Sectional Area Measurement. Airway volume 
(cc) and minimum cross-sectional area (mm2) automatically generated using airway 








IBM SPSS Software was used in the statistical analysis. Reliability testing was completed 
using Cronbach’s Alpha. ANOVA analysis and t-test analysis were used to compare groups. Post 
hoc testing included multiple comparisons and one-way ANOVA. Pearson’s correlations and 








































Chapter 4: Results 
Descriptive Statistics 
Descriptive statistics for all groups including Gender, Age, Ethnicity, Body Mass Index, 
and Sleepiness, as well as the means and standard deviations for the following variables: 
Intermolar Width (mm), Palatal Depth (mm), Airway Volume (cc), Airway Minimum Cross-





Table 1. Descriptive Statistics 
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Daytime Sleepiness vs. Palatal and Airway Dimensions 
Table 2 shows the results of a t-test (p<0.05) used to evaluate the difference between 
daytime sleepiness (high or low) vs. palatal dimensions (intermolar width [mm] and palatal depth 
[mm]) and airway dimensions (airway volume [cc] and airway minimum cross-sectional area 
[mm2]). Levene’s Test of Equality of Variances was used to verify homogeneity of variances 
between the groups with a significance level of 0.05 and all groups were found to have equal 
variance. Significant results were found between low sleepiness vs. high sleepiness group with 


















Table 2. Sleepiness t-test 
   
Variable Low Sleepiness High Sleepiness Statistic 
 Mean (SD) Mean (SD)  
Intermolar Width (mm) 39.82 (3.36) 41.10 (3.19) -2.022* 
Palatal Depth (mm) 19.63 (2.78) 19.97 (2.68) -0.65 
Airway Volume (cc) 23.23 (10.76) 24.43 (11.06) -0.59 
Minimum Cross Sectional Area (mm2) 171.07 (76.70) 183.17 (71.87) -0.84 
*p < 0.05    
 













Figure 1. Sleepiness vs Palatal and Airway Dimensions 
 
 Table 3 shows the results of Spearman correlations used to examine the relationship 
between sleepiness groups with respect to palatal and airway dimensions. Correlation was 




Daytime Sleepiness vs. Age, Body Mass Index, Gender, and Ethnicity 
Table 4 shows the results of a t-test (p<0.05) used to evaluate the differences between 
daytime sleepiness (high or low) vs. Age, Body Mass Index, Gender, and Ethnicity. Levene’s 
Test of Equality of Variances was used to verify homogeneity of variances between the groups 
with a significance level of 0.05 and all groups were found to have equal variance except 
ethnicity (p = 0.003). Significant results were found between sleepiness and ethnicity with a 
significance level of 0.019 with equal variances not assumed. Using one-way ANOVA and 
multiple comparisons in post hoc testing, a significant difference was found between African 
Americans and Caucasians with p value of 0.038. A significant difference was also found 

























Gender vs. Palatal and Airway Dimensions 
Table 5 shows the results of a t-test (p<0.05) was used to evaluate the differences 
between gender vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and 
airway dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]) and is 
reported in Table 4. Levene’s Test of Equality of Variances was used to verify homogeneity of 
variances between the groups with a significance level of 0.05 and all groups were found to have 
equal variance except airway volume (p<0.01) and airway minimum cross-sectional area 
(p<0.05). Significant results were found between gender and palatal width (p<0.01), gender and 
palatal depth (p<0.01), gender and airway volume (p<0.01), and gender and airway minimum 













Figure 2. Gender vs Select Variables 
 
Age vs. Palatal and Airway Dimensions 
Table 6 shows a one-way ANOVA (p<0.05) was used to evaluate the differences between 
age vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and airway 
dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]) and is 
reported in Table 5. Results showed significant differences between groups with respect to 
airway volume (p=0.045) and airway minimum cross-sectional area (p=0.024). Post hoc testing 
was completed with multiple comparisons to identify the significant variables. Significant 
differences (p<0.05) were found between age groups 18-19 and 40+ with respect to airway 
volume. Significant differences (p<0.05) were also found between age groups 20-29 and 30-39 
with respect to airway minimum cross-sectional area (mm2). Figure 3 represents a graphical 


















Ethnicity vs. Palatal and Airway Dimensions 
Table 7 shows a one-way ANOVA (p<0.05) used to evaluate the differences between 
ethnicity vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and airway 
dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]). Significant 
differences were identified between ethnic groups with respect to intermolar width (p=0.004). 
Post hoc testing was completed with multiple comparisons to identify the significant variables. 
Significant results were found between the comparison of Caucasian and Asian groups with 















Body Mass Index vs. Palatal and Airway Dimensions 
Table 8 shows a one-way ANOVA (p<0.05) used to evaluate the differences between 
body mass index vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and 
airway dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]). 
Significant differences were found between body mass index groups with respect to airway 
volume (p<0.01). Post hoc testing was completed with multiple comparisons to identify the 
significant variables. Significant differences were found between the comparison of airway 
volume with underweight and overweight groups (p=0.002), underweight and obese (p<0.01), 
normal and obese (p=0.012), and overweight and normal (p=0.012). Figure 5 represents a 












Palatal Dimensions vs. Airway Dimensions 
Tables 9-11 show the Pearson correlations that were used to independently examine the 
relationship between intermolar width, palatal depth, airway volume, and airway minimum 
cross-sectional area. Correlations were assumed below a 0.01 level of significance (two-tailed). 
Correlation was found between airway volume and minimum cross-sectional area (p<0.01, 
r=0.674), palatal depth and airway volume (p<0.01, r=0.282), palatal depth and minimum cross-














































Figure 7. Palatal Depth vs Airway Volume 
 

































Figure. 11. Airway Minimum Cross-Sectional Area vs Palatal Depth 
 
Reliability Testing 
 Internal consistency was assessed by re-measuring the palatal and airway dimensions 
of 20 randomly selected subjects. Cronbach’s alpha was utilized to determine coefficient of 
reliability and results are shown in Table 12. Reliability coefficient for intermolar width above 
0.8 indicates good internal consistency. Reliability coefficients for palatal depth, airway volume, 










Chapter 5: Discussion 
The purpose of this retrospective study was to examine the differences in specific 
physiological and anatomical phenotypes of patients with daytime sleepiness. These phenotypes 
- narrow, high vaulted palates and small upper airway dimensions - and their relation to 
obstructive sleep apnea and daytime sleepiness have been documented in the current literature. 
Demographic information was also used in conjunction with this information to investigate any 
correlations between daytime sleepiness, palatal dimensions, airway dimensions and age, gender, 
ethnicity, and body mass index.  
 
Daytime Sleepiness vs. Palatal and Airway Dimensions 
Reports in the literature vary, but many suggest a strong correlation between increased 
palatal and airway dimensions with reductions in daytime sleepiness. In a recent study on 
children with ADHD vs controls, the children with ADHD had narrower palatal widths and 
higher levels of snoring and daytime sleepiness (Andersson, 2018). In a systematic review, 
maxillary expansion in adults has shown decreases in the number of apneic and/or hypopneic 
events during sleep with associated reductions in daytime sleepiness (Abdullatif,  2016). The 
results of this study are congruent with the current literature and shows a correlation between 
palatal width and daytime sleepiness. Zahgi et al. (2016) showed an overall decrease in daytime 
sleepiness after maxillomandibular advancement to increase airway size, and Veys et al. (2017) 
showed congruent findings in their study. This study did not show any correlation between 
airway dimensions and daytime sleepiness, however, as reported in the literature review, subjects 
with narrow airway dimensions can have compensatory mechanisms that provide sufficient 
airway volume for breathing during sleep, and not all patients with narrow airways and 
obstructive sleep apnea have daytime sleepiness and show a significant difference. 
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Daytime Sleepiness vs. Age, Body Mass Index, Gender, and Ethnicity 
Reports in the literature vary, but many do show correlations between excessive daytime 
sleepiness and various demographics such as age, gender, and ethnicity. Studies have shown that 
women, in general, have higher rates of EDS than men (Doi, 2003) (Fatani, 2015) (Bogan, 
2012). This study did not show any differences in excessive daytime sleepiness between males 
and females. A possible explanation for this variation is the unequal gender sample size in this 
study, with 167 females and only 86 males; however, excessive daytime sleepiness is 
multifactorial in nature and cannot be solely attributed to gender. The association between EDS 
and aging has been shown to decrease with increasing age. Higher rates of EDS seen in 
adolescents (10-15%), decreasing to 6% in the middle ages, and then increases in the elderly to 
around 6% (Calhoun, 2015) likely due to an overall increase in medical illnesses (Bixler, 2005). 
This study did not demonstrate any significant differences between age and daytime sleepiness. 
Sample size in each age group may have contributed to the outcome. Sample size in the 30-39 
age group and the 40+ age group were significantly smaller than the sample sizes seen in the 
younger age groups. Studies relating to ethnicity based differences in EDS have shown higher 
levels of sleepiness in African Americans than Caucasians (Hayes, 2009), with African 
Americans more likely to score above 12 on the ESS scale. African American and Hispanic 
populations were less likely to report EDS ≤ 5 days per month, while Caucasians were more 
likely to report EDS ≤ 5 days per month (Baron, 2010). These findings were congruent with the 
results of this study, showing higher levels of sleepiness in the African American group when 
compared to Caucasian and Hispanic groups. Obesity is the largest risk factor for OSA, and 
many studies have shown that obesity is strongly correlated with EDS (Calhoun, 2011), and 
weight loss is associated with a decrease in EDS (Calhoun, 2015). The results of this study did 
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not show a significant difference between BMI and sleepiness. Sample size could reflect this 
discrepancy, as BMI was only recorded for 165 of the 253 patients in the study.  
Gender vs. Palatal and Airway Dimensions 
Gender based differences in airway dimensions have been well documented in the 
literature. One study reported that females had notably smaller oropharyngeal junction and 
pharynges than males (Mohsenin, 2001). Other studies have shown that pubertal males have 
larger airways than pubertal females (Chiang, 2012), and post-pubertal boys also have greater 
airway length compared with post-pubertal girls (Ronen, 2007). This suggests greater 
compensatory structural and functional airway mechanics in females. Differences in palatal 
dimensions between genders have also been reported in the literature. One study using a sample 
of 30 females and 32 males ages 19-24 (Ahmad, 2009) found significant differences in palatal 
width and depth between the groups. Males had significantly larger palatal vaults than females 
(average inter-molar distance in males: 42.18mm and average inter-molar width in females: 
40.19mm, average palatal depth in males: 21.38mm and average palatal depth in females: 
18.78mm). These findings were consistent with the literature. The results of this study are 
congruent with the current literature, where males have larger airway dimensions (volume and 
minimal cross-sectional area) and larger palatal dimensions (intermolar width and palatal depth) 
than females.  
Age vs. Palatal and Airway Dimensions 
 Studies on airway volume and minimum cross-sectional area throughout adolescent 
growth have shown rapid increases in both length and volume from ages 8-18, although the site 
of minimum cross-sectional area varies (Chiang, 2012). Longitudinal studies on upper airway 
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dimensions have shown a decrease in pharyngeal muscle thickness with a concomitant increase 
in pharyngeal lumen size (Molfenter, 2015). Although current literature on palatal dimensions 
and age is lacking a systematic review on the effect of aging on palatal vault dimensions there is 
a progressive increase in palatal vault size from birth to permanent dentition (Berwig, 2018). 
Results of this study did not show a significant difference between age and palatal vault 
dimensions; however, our sample did not contain age groups below 18 years and therefore 
cannot add to the current literature on palatal vault changes in adolescents. This study found 
significant differences between age and airway dimensions. Subjects in the 18/19 age group 
demonstrated lower airway volumes when compared with the 40+ age group and are congruent 
with the current literature. The 20-29 age group showed significantly lower average airway 
minimum cross-sectional area when compared with the 30-39 age group. Current literature 
relating to age and minimum cross-sectional area are lacking and these results will need to be 
confirmed with future studies.  
Ethnicity vs Palatal and Airway Dimensions 
Ethnic differences in palatal vault size have varied in the literature. In one study, African 
Americans showed larger teeth and larger arches than Caucasians, measuring 10% wider and 
12% deeper (Burris, 2000), while a second study had no significant differences in palatal 
dimensions between several ethnicities of northern Chile (Ferrario, 2000). Current literature 
shows differences in airway dimensions related to heritability. One study showed that African 
Americans tended to exhibit narrower minimum cross-sectional dimensions than Caucasians 
(Patel, 2008). Another study using three-dimensional MRI airway measurements in OSA patients 
showed that when compared to a European population, Asian populations had smaller 
retropalatal airway size than European subjects (Xu, 2019). This study found that Asians had 
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significantly greater inter-molar width than Caucasians, however, current literature on this 
dimension is lacking and will need to be studied further in the future. No significant differences 
were shown between groups when comparing palatal depth, airway volume, and airway 
minimum cross-sectional area. Although these results are not congruent with current studies in 
the literature, these discrepancies can be attributed to the variations in sample sizes between 
ethnic groups, with a majority being Hispanic (51%) and Caucasian (30%), and a minority being 
African American (10%), Asian (8%), and Indian (1%).  
Body Mass Index vs Palatal and Airway Dimensions 
Body mass index has been correlated with maxillary morphology in the current literature. 
Obese adolescents have exhibited significantly larger mandibular and maxillary dimensions than 
controls (Sadeghianrizi, 2005), while non-obese patients showed smaller mandibular and 
maxillary dimensions and a more retrognathic mandible (Ferguson, 1995) Obesity is a major risk 
factor for OSA and several studies have shown smaller upper airways sizes associated with high 
body mass index (BMI). One study using CBCT analysis showed a decreased transverse 
dimension in high BMI subjects (Mayer, 1996), and another study showed an inverse 
relationship between upper airway size and BMI (Busetto, 2009). Sutherland et al. (2011) studied 
weight loss in OSA patients and the effects it has on upper airway dimensions and showed that a 
decrease in BMI is associated with an increased velopharyngeal airway volume. This study did 
not show significant differences between BMI and palatal dimensions (inter-molar width and 
palatal depth) and BMI and airway minimum cross-sectional area, and was incongruent with the 
current literature. This discrepancy could be related to patient age and various methods for 
assessing maxillary dimensions. Future studies using palatal width and palatal depth in adult 
patients are needed including diagnosed sleep apnea adult patients. However, this study did find 
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significant differences between airway volume and BMI groups, showing that airway volumes 
increased with increasing BMI values. This finding was incongruent with the current literature. 
This discrepancy could be due to study design. While previous studies have focused on 
differences in airway volume as a result of weight change at two different time points, this study 
only showed BMI values of a single time point. Future studies, with BMI and airway volumes 
taken at a single time point, are needed to confirm these findings.  
Palatal Dimensions vs Airway Dimensions 
Palatal width and depth have been compared in the literature. Historically, narrow palates 
have been associated with greater palatal depth and wider palates have been associated with 
shallow palatal depths. A study from 2009 by Ahmed confirmed this relationship, finding that 
palatal width is mainly negatively correlated to palatal depth, specifically at the inter- molar 
area.  Correlations between palatal morphology and airway dimensions have also been identified 
in the current literature. Palatal area, palatal width, and airway volume in OSA patients measured 
significantly smaller than non-OSA subjects and a positive correlation between the 
oropharyngeal area and the palatal volume was found in a study by Kecik (2017). In cleft lip and 
palate patients, subjects had narrower pharyngeal airway dimensions when compared with the 
controls. This was attributed to the smaller nasopharyngeal framework (Tarawneh, 2018). This 
study showed positive correlations between palatal depth and airway minimum cross-sectional 
area, palatal depth and airway volume, and airway volume and minimum cross-sectional area 
and did not show a positive correlation between palatal width and depth. These findings are 
congruent with the current literature, however, positive correlations between palatal width and 
airway minimum cross-sectional area, and palatal width and airway volume are not congruent 
with the literature. This discrepancy highlights the complex interaction between maxillary 
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morphology and airway dimensions, and future studies are needed to evaluate these findings in 
sleep apnea diagnosed study subjects.  
Limitations and Recommendations 
As mentioned in the discussion, there are several limitations in this study which must be 
taken into consideration when evaluating the results. The patient sample was taken from a pool 
of patients at the UNLV School of Dental Medicine. Although this sample was selected 
randomly, selection bias must be considered. Unequal demographic distributions were seen in 
age, gender, and ethnicity and therefore the sample in this study may not accurately represent the 
general population. BMI was only recorded for 165 of the 253 subjects. Only 13% of patients in 
this study were found to have excessive daytime sleepiness. This percentage may not accurately 
reflect daytime sleepiness seen in the general population. Daytime sleepiness, although a 
common finding among OSA patients, is not seen in all OSA patients and therefore cannot be 
directly correlated with OSA. CBCT imaging was taken in the seated upright position with the 
teeth together in awake state and may not accurately represent airway dimensions during sleep.  
Future studies are needed to expand on the findings in this study. Ideally, a larger sample 
size with demographics more similar to the general population could provide more accurate and 
reliable data. In addition to using a larger sample size, the variables in this study could also be 
expanded. This could be done by incorporating more measurements related to OSA and 
excessive daytime sleepiness including neck size, mallampati score, tonsil size, and the STOP- 
BANG questionnaire. Other craniofacial dimensions including nasopharyngeal area and the 
dimensions of the soft palate and tongue could be measured and compared to palatal vault 
dimensions and oropharyngeal dimensions. Location of the minimum cross-sectional area could 
also be used to assess areas of the airway prone to collapse. Another variation could involve pre 
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and post orthodontic records to observe changes in dimensions after orthodontic treatment (rapid 
palatal expansion, surgical, extractions, etc.) and their effect on daytime sleepiness. Lastly, 
having patients with excessive daytime sleepiness undergo polysomnography sleep testing could 
provide more information on the relationships elucidated in this study.  
Conclusions 
This study aimed at gaining a deeper understanding of some of the common subjective 
and objective risk factors for obstructive sleep apnea in order to help health care providers more 
accurately detect breathing disorders during a routine exam. Level of daytime sleepiness, palatal 
dimensions, airway dimensions, gender, age, ethnicity and body mass index from 253 patients 
were compared to expand on the findings in the current literature. The data from this study 
showed significant differences between sleepiness and palatal width, sleepiness and ethnicity, 
age and airway dimensions, gender and palatal width and airway dimensions, ethnicity and 
palatal dimensions, body mass index and airway volume, and significant correlations between 
palatal depth and airway minimum cross-sectional area, palatal depth and airway volume, airway 
volume and airway minimum cross-sectional area. These findings showed both similarities and 
differences with the current literature, however, the retrospective nature of the study and lack of 
confirmed OSA diagnosis must be taken into consideration in interpreting the results. Future 
studies are needed to expand on these relationships and their importance in clinical applications 
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